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ABSTRACT 

A  new  statistical  study  of  the  total  power  input  to  high  latitude  regions  from  precipi¬ 
tating  ions,  making  primary  data  sorts  by  the  IMF  Bz  and  solar  wind  speed,  shows  that  a) 
the  minimum  power  input  occurs  for  lew,  positive  values  of  Bz  and  low  values  of  Vsw,  b)  the 
power  input  increases  proportionately  more  with  increasing  Vsw  than  with  increasing  Bz 
negative . 

INTRODUCTION 

One  measure  of  the  effectiveness  of  energy  transfer  from  the  solar  wind  to  the  magneto¬ 
sphere  is  the  total  energy  flux  of  particles  precipitating  into  the  high  latitude  regions. 
Previous  statistical  studies  have  determined  the  power  input  of  precipitating  electrons  as 
a  function  of  the  geomagnetic  activity  index  Kp  /I, 2, 3, 4/  and  for  the  interplanetary 
magnetic  field  (IMF)  Bz  component  either  positive  or  negative  /4/.  Power  input  from 
precipitating  ions  as  a  functicn  Kp  was  do«-r**mined  by  Hardy  et  al.  /5/.  Thecc  studies 
show  that  the  total  precipitating  electron  energy  flux  is  directly  proportional  to  KP,  and 
that  electrons  contribute  about  seven  times  the  energy  flux  of  ions.  Foster  showed  that 
more  electron  energy  flux  flows  into  the  auroral  regions  during  periods  of  Bz  south  than 
for  Bz  north  /4/. 

Efforts  to  quantify  the  solar  wind-magnetosphere  electrical  coupling  strength,  by  relating 
the  cross-polar-cap  potential  difference  to  combinations  of  the  solar  wind  speed  and  the 
direction  of  the  IMF  have  been  reviewed  by  Reiff  and  Luhmann  /b/.  A  direct  dependence  of 
the  potential  difference  has  been  shown  for  KP,  solar  wind  speed,  and  magnitude  of  the 
southward  component  of  the  IMF.  However,  the  coupling  is  not  so  clearly  defined  for  times 
during  which  Bz  is  northward. 

Here  we  pre.sent  results  showing  the  variation  of  ion  energy  flux  input  to  high  latitudes  as 
a  function  of  the  IMF  Bz  and  the  solar  wind  speed,  Vsw.  By  making  separations  of  the 
precipitating  ion  data  for  strong  and  weak  Bz  north  and  south,  as  well  as  a  low  and  high 
Vsw,  we  have  found  that  the  minimum  power  input  occurs  for  weak  Bz  north  and  low  Vsw,  and 
that  the  dependence  on  Vsw  is  strong. 

INSTRUMENTATION.  DATA  COVERAGE  AND  STATISTICAL  PROCEDURES 

The  data  used  in  this  study  were  taken  onboard  two  United  States  Defense  Meteorological 
Satellite  Prograr'  satellites,  DMSP/F6  and  DMSP/F7.  The  satellites  are  in  sun-synchronous, 
circular,  polar  orbits  at  840  km  altitude,  and  are  three-axis  stabilized.  DMSP/F6  orbits 
lie  in  the  0640-1840  meridian  plane,  and  DMSP/F7  in  the  1030-2230  meridian  plane.  On  each 
satellite,  electrostatic  analyzers  of  identical  design  measure  electrons  and  ions  in  the 
energy  range  from  30  eV  to  30  keV  in  twenty  logarithmically  spaced  intervals  /7/.  For  each 
species  a  romplete  spectrum  is  returned  each  second.  The  detectors'  apertures  are  fixed 
with  respect  to  the  satellite,  pointing  upward.  At  high  latitudes  they  measure  precipi¬ 
tating  part  ides. 

Due  to  the  offset  between  geographic  and  geomagnetic  poles,  the  sun-synchronous  satellites, 
each  day,  sweep  out  a  wide  swath  of  values  in  corrected  geomagnetic  latitude  (M1.AT)  and 
magnetic  local  time  (MET).  Thus,  the  combined  .satellite,  combined  hemispheric  data 
coverage  is  nearlv  zv>mpl«»»p  fer  *h*:'  lu  4.'..  iegitxis.  mere  are 

minor  data  gaps  In  the  postnoon  and  postmidnight  local  time  sector  for  active  periods  when 
the  auroral  oval  has  expanded  to  low  latitudes. 
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We  use  data  collected  for  three  years  on  the  DMSP/F6  satellite  and  two  years  on  the  1aMSP/F7 
satellite  (5  satellite-years  of  data)  and  spanning  the  time  period  January,  1983  to  March, 
1986,  to  create  statistical  maps  of  ion  precipitation  in  MLAT-MLT  coord inates .  The  spatial 
grid  into  which  the  data  are  binned  has  an  MLAT  resolution  of  2  degrees  for  50-60  and  80-90 
degrees  MLAT,  and  1  degree  for  60-80  degrees  MLAT,  and  an  MLT  resolution  of  one  half  hour. 

Additionally,  the  data  are  sorted  by  the  IMF  component,  Bz,  in  solar  magnetospheric  coordi¬ 
nates,  and  the  solar  wind  speed,  Vsw.  Each  ion  spectrum  in  the  data  base  is  associated 
with  a  one-houi  averaged  value  of  Bz  and  Vsw,  taken  from  the  listing  provided  by  NSSDC,  and 
offset  by  a  one-hour  time  lag.  There  are  4  IMF  Bz  bins;  Bz  large  and  negative  (-10  to  -3 
nT);  Bz  small  and  negative  (-3  to  0  nT);  Bz  small  and  positive  (0  to  +3  nT)  and  Bz  large 
and  positive  (+3  to  +10  nT).  The  average  Bz  values  for  each  bin  are  -4.6,  -1.3,  +1.3,  and 
+4.6  nT,  respectively.  There  are  2  Vsw  bins:  low  (from  200  to  400  km/s)  and  high  (from 
400  to  800  km/s),  with  average  Vsw  values  of  364  and  518  km/s,  respectively.  Ultimately, 

17  million  ion  spectra  are  separated  into  the  eight  primary  Bz-Vsw  maps  defined  in  MLAT-Mll 
coordinates.  The  statistics  for  the  low  Vsw  cases  range  from  .5  to  1.8  million  spectra/ - 
map,  while  the  range  for  the  high  Vsw  cases  is  from  1.4  to  4.9  million  spectra/map. 

For  each  MLAT-MLT  bin  an  average  ion  spectrum  is  calculated.  Data  gaps  in  the  spatial 
coverage  are  filled  by  interpolating  between  neighboring  data  points.  Since  a  significant 
portion  of  the  high  energy  tail  of  ion  spectra  in  the  evening  diffuse  auroral  region  lies 
beyon'^  th-  30  k^V  cutoff  of  our  instrument  we  extrapolated  the  average  spectra  to  100  keV. 
This  results  in  a  correction  of  the  hemispheric  energy  flux  which  is  dependent  on  activity 
level  and  ranges  from  an  increase  of  14%  for  the  quietest  case  (low  Vsw,  weak  Bz  north)  to 
75%  for  the  most  active  case  (high  Vsw,  strong  Bz  north).  The  same  qualitative  trend  of 
energy  flux  versus  Bz/Vsw  occurs  for  both  the  unextrapolated  and  the  extrapolated  cases. 
However,  we  believe  that  the  extrapolated  values  provide  a  necessary  correction  to  the 
otherwise  artificially  depressed  values  due  to  the  detectors'  upper  limit  of  30  keV.  See 
Hardy  et  al.  /5/  tor  details  on  data  reduction  techniques  (cross  satellite  normal  izat.  ion, 
smoothing,  and  extrapolating). 

For  each  spatial  bin  we  calculate  moments  of  the  distribution  function  from  the  average 
spectrum,  and,  in  particular,  the  energy  flux.  We  then  integrate  over  the  lull  spatial  nap 
(i.e.,  above  50®  MLAT),  using  the  assumption  that  the  dist ri b\it ion?  are  isotropic,  to 
obtain  the  total  precipitating  ion  energy  flux  ’nput  for  each  of  the  eight  average  inter¬ 
planetary  conditions. 

RESULTS  AND  DISCUSSION 


The  total  hemispheric  precipitating  ion  energy  flux,  in  gigawatts,  is  tabulated  in  Table  1 
and  plotted  in  Figure  lb  for  the  eight  Rz-Vsw  conditions, 

TABLE  1  Hemispheric  Energy  Flux  (Ci  Watts) 


Vsw  /  Rz  -4.6  nT 


-1.3  nT  +1.  i  nT 


+  •4.6  n  T 


364  km/s  4.67  (3.02)  2.02  (i.59) 

518  km/s  5.74  (3.27)  2.96  (1.87) 


1.36  (1.19) 
2  27  {  l,5n 


1.85  (1.56) 
2.91  (2.141 


Note:  Energy  flux  values  from  unextrapolated  spectra  are  in  parentheses. 


For  a  constant  value  of  Vsw,  the  hemispheric  energy  flux  maximizes  for  strong  Bz  south, 
minimizes  for  weak  Bz  north,  and  has  nearly  equal  intermediate  values  for  weak  Bz  south  and 
strong  Bz  north.  The  variation  in  energy  flux  for  each  Bz  interval,  duo  to  the  Vsw  differ¬ 
ence  alone,  is  a  constant  1  GW  (for  extrapolated  values).  This  offset  is  significant  both 
because  of  it.s  relatively  large  magnitude  and  because  of  its  independence  of  Rz.  If  we 
define  the  ground  state  of  the  magnetosphere  as  one  in  which  the  prec ip i t at ing  particle 
energy  flux  is  iiiinimiceJ,  then  tl.e  g^cur.d  st.itc  oc":urs  during  periods  of  ..t  ik  ?z  north  nd 
low  Vsw.  It  i.s  not  the  limit  of  extrapolat  ing  low  solar  wind  velocitv  .states  to  higher  and 
higher  positive  values  of  Bz. 


In  Figures  la  and  lb  we  summarize  the  results  of  the  major  studies  of  prec i pi  tat i ng 
particle  energy  flux  input,  using  low  altitude  satellite  data. 


Figure  la  gives  the  total  precipitating  energy  flux  into  the  auroral  zone  as  a  function  or 
Kp  for  electrons  (filled  symbols)  and  ions  (open  symbols).  The  agreement  between  the 
various  electron  studies  is  excellent.  For  both  electrons  and  ions  the  log  of  the  energy 
input  increases  in  a  linear  fashion  with  increasing  KP  for  KP  greater  than  one.  The 
minimum  value  Is  5  GW  for  and  .7  GW  for  ions.  Both  values  are  somewhat 

uuiow  a  projected  linear  value.  For  this  and  other  values  of  KP,  the  electrons 
contribute  between  6-8  times  the  energy  flux  of  ions. 


PrccipUaiinu  Ion  hncrcv  l  lu\ 


(VK>’ 


Figure  lb  shows  the  results  of  the  ion  study  discussed  above,  and  those  of  Foster  /4/  for 
which  electron  data  were  separated  into  two  Bz  bins,  >  +3  nT  and  <  -3  nT.  For  comparison 
with  Foster,  the  ion  energy  flux  for  the  high  and  low  Vsw  cases  aro  averaged  for  the  corre¬ 
sponding  values  of  Bz.  The  electron  energy  flux  input  is  about  6  times  that  for  the  ions, 
in  agreement  with  the  Kp  studies.  Assuming  that  the  same  scaling  of  energy  flux  between 
electrons  and  ions  holds  for  all  values  of  Bz,  we  infer  that  as  a  function  of  Bz  the 
minimum  electron  power  input  should  be  about  11  GW  and  would  also  occur  under  weakly 
positive  Bz  conditions. 

Comparing  the  minimum  energy  input  values  as  a  function  of  KP  and  as  a  function  of  Bz-Vsw, 
we  note  that  the  energy  flux  input  for  KP  ®  0,  0+  is  lower  than  that  for  low  Vsw  and  weakly 
positive  Bz.  Possible  explanations  for  this  include;  1)  the  corresponding  Bz/Vsw  bin  was 
too  broad  ;  2)  conditions  additional  to  the  instantaneous  value  of  the  solar  wind  speed  and 
the  z-component  of  the  IMF  are  re^^uired  to  specify  the  condition  of  weakest  precipitating 
particle  energy  flux  input. 
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Fig.  1.  Precipitating  electron  and  ion  hemispheric 
energy  flux  as  a  function  of  (a)  Kp  and  (b)  IMF  Bz. 


JASP  8;9/10- 


(^m 


[>.  I !.  ci  al- 


REFERENCES 

1.  D.D.  Wallis  and  E.E.  Budzinski,  Empirical  Models  of  Height- Integrated  Conductivities, 

J.  Geophys,  Res.  86,  125  (1981) 

2.  R.W.  Spiro,  P.H.  Reiff,  and  L.J.  Maher,  Jr.,  Precipitating  Electron  Energy  Flux  and 
Auroral  Zone  Conductances  -  An  Empirical  Model,  J,  Geophys,  Res.  86,  8215  (1982) 

3.  D,A.  Hardy,  M.S.  Gussenhoven,  and  E.  Holeman,  A  Statistical  Model  of  Auroral  Electron 
Precipitation,  J.  Geophys.  Res.  86,  A229  (1985) 

4.  J.C.  Foster,  J.M.  Holt,  R.G,  Musgrove,  and  D.S.  Evans,  Solar  Wind  Dependencies  of  High- 
Latitude  Convection  and  Precipitation,  in:  Solar  Wind-Magnetosphere  Coupling:,  rd.  Y. 
Kamide  and  J.A.  Slavin,  Terra  Scientific  Publishing  Company,  Tokyo  1986,  p.  477. 

5.  D,A.  Hardy,  M,b.  Gussenhoven,  D.H.  Brautigam,  A  Statistical  Model  of  Auroral  Ion 
Precipitation,  J.  Geophys.  Res.,  accepted  for  publication,  1988. 

6.  P.H.  Reiff  and  J.G.  Luhmann,  Solar  Wind  Control  of  the  Polar-Cap  Voltage,  Solar  Wind- 
Magnetosphere  Coupling,  ed.  Y.  Kamide  and  J.A.  Slavin,  Terra  Scientific  Publishing 
Company,  Tokyo  1986,  p.453. 

7.  D.A.  Hardy,  L.K.  Schmitt,  M.S.  Gussenhoven.  F.J.  Marshall.  H.C.  Yeh,  T.L.  Schumaker, 

A.  Huber  and  J.  Pantazis,  Precipitating  Electron  and  Ion  Detectors  (SSJ/4)  for  the  Block 
5D/Flight  6-10  DMSP  Satellites:  Calibration  and  Data  Presentation,  AFGL-TR-84-0514 .  Air 
Force  Geophysics  Laboratory,  Hanscc.ii  AFB,  MA  iNovember  1984) 


J  AcCtfStO'!  for 

I  NTIS  CRA&I 
;  DllC  fAO 

Ct-fj 

v, 


8y _ 

Oi  jt'ib  iti  'f- 1 

AvjMjj,!  ty  Codes 

,  Av.tii  di'd/or 
I  Sp'^cio! 


